prognosis and histopathological correlations. To best our knowledge, this is one of the largest series of ICC, in the literature.
Materials and methods
In this retrospective study, our institute's radiology and pathology database were investigated. All data were recorded using a Microsoft Office Excel spreadsheet. Exclusion criteria were having no cribriform tumor, irregular follow-up, and missing data. The institutional review board approved the study (protocol number 1468-GOA).
Data collection
Between January 2004 and December 2013, patients who were diagnosed with BCa were evaluated. Their preoperative radiologic findings including mammography (MG), US, magnetic resonance imaging (MRI), and postoperative pathology reports were recorded. Data collection was performed by using the Picture Archiving and Communication System (PACS) (ISite Radiology PACS, 4.1.110.0, Philips, Amsterdam, the Netherlands). In our institute, the PACS program has been used since 2004. In our routine, during US examination, almost all lesion images, especially malignant lesions, are recorded into PACS. As a result, the images of US examinations were also evaluated from PACS. There are a total of 1284 BCa patients included in our institute's dataset. Total number and incidence of patients with a diagnosis of pure, classic, or mixed ICC enrolled in the study were 70 and 5.45%, respectively.
The MG evaluations were carried out with a digital mammography device (Selenia, Hologic, Bedford, MA, USA). Each case had four images in standard modalities (i.e. one CC and one MLO view each of the left and right breast) with additional positions if needed. US evaluations were carried out with a 7-12 MHz linear probe (Philips HD 11, Bothell, WA, USA). MRI evaluations were carried out with a 1.5 MRI device (Gyroscan Achieva, Philips, ACS-NT, Bothell, WA, USA) with conventional sequences, precontrast axial (turbo spin echo) TSE T1 weighted (W) ( 
Breast imaging reporting and data system
All patients were reviewed according to the recent American College of Radiology (ACR) breast imaging reporting and data system (BI-RADS) (5th edition, 2013) lexicon of MG, US, and MRI examinations. All patients underwent MG and US. The review was carried out by two breast radiologists (one senior and one junior) in consensus. In Tables 1 and 2 , the classifications of MG and US findings of all patients according to the BI-RADS lexicon are shown.
Creating groups
According to pathology results, all the patients were divided into 2 subgroups by using the ratio of cribriform carcinoma components. Pure ICC patients and patients with >50% cribriform carcinoma component were included in group 1, while patients with <50% cribriform carcinoma component were included in group 2.
The patients with suspicion of multifocal tumors and chest wall invasion (24 of 70 patients) for contralateral breast tissue were evaluated with breast MRI. As not all patients had MRI examinations, the results of this examination were not added to statistical analyses.
Statistical analyses
All statistical analyses were performed by SPSS 16.0 for Windows (SPSS Inc., Chicago, IL, USA). Mean data of groups were compared by one-way analysis of variance (ANOVA). Continuous variables were compared using 
Results

Results of demographic data
The mean age was 53.7 ± 11.8 years (patients with pure ICC: 51.2 ± 10.8 years (the ages of the patients were 47, 44, 45, 71, 42, 62, and 48 years); patients with >50% cribriform tumor: 61 ± 11.7 years; patients with <50% cribriform tumor: 52.6 ± 11.6 years). Of the 70 patients enrolled in the study, 7 patients with 7 lesions (pure ICC) ( Figure 1 ) and 11 patients with 11 lesions were in group 1 (>%50 cribriform tumor) (Figure 2) , and 52 patients with 52 lesions were in group 2 (<50% cribriform tumor) ( Figure 3 ). The demographic pathology data are summarized in Table 3 .
Three of the patients in group 1 were admitted to the hospital for routine breast control with no prominent clinical findings. Two patients had breast pain with palpable breast lesions and 2 patients were admitted to the hospital with only a palpable breast mass complaint without any pain.
The mean size of the mass was 18.7 ± 8.3 in group 1 (the sizes of pure ICC lesions in group 1 were 30, 10, 15, 35, 15, 8, and 13 mm) and 18.7 ± 8.4 in group 2 (P = 0.90).
All patients received both MG and US examinations. Only 24 patients needed MRI examinations.
Mammography findings
All patients were reviewed according to the BI-RADS classification. According to MG BI-RADS classification, in group 1, 3 lesions were defined as BI-RADS 0, 6 lesions were determined as BI-RADS 4 (1 lesion BI-RADS 4A, 1 lesion BI-RADS 4B, 4 lesions BI-RADS 4C), and 9 lesions were evaluated as BI-RADS 5. In group 2; 5 lesions were evaluated as BI-RADS 0, 13 lesions were reviewed as BI-RADS 4 (5 lesions BI-RADS 4A, 2 lesions BI-RADS 4B, and 6 lesions BI-RADS 4C), and 34 lesions were determined as BI-RADS 5 (Table 4) .
Three lesions in group 1 and 12 lesions in group 2 did not have any findings in MG examinations. In group 1, the most common MG findings according to the ACR BI-RADS lexicon were irregular shape (38.8%), obscured margin (27.7%), and high and equal density (61.1%). In group 2, the most common MG findings were irregular shape (71.2%), spiculated margin (48.1%), and high density (61.5%). According to these findings, the occurrences of irregular shape, spiculated margin and indistinct margin, and high density were statistically significantly higher in group 2 than the other group (respectively P = 0.001, P = 0.001, and P = 0.04). Equal density was statistically significantly higher in group 1 than the other group (P = 0.008).
Ultrasonography findings
According to the BI-RADS evaluation of US examinations, in group 1, 3 lesions were evaluated as BI-RADS 0, 5 lesions were evaluated as BI-RADS 4 (2 lesions were BI-RADS 4A, 1 lesion was BI-RADS 4B, 2 lesions were BI-RADS 4C), and 10 lesions were defined as BI-RADS 5. In group 2, 2 lesions were evaluated as BI-RADS 0, 11 lesions were BI-RADS 4 (3 lesions were BI-RADS 4A, 3 lesions were BI-RADS 4B, 5 lesions were BI-RADS 4C), and 39 lesions were BI-RADS 5 ( Table 4 ).
All the patients in both groups had US findings. According to the ACR BI-RADS lexicon, the most common US findings in group 1 were irregular shape (72.5%), spiculated margins (27.7%), hypoechogenicity (83.3%), and nonparallel orientation (77.7%). The number of lesions with and without posterior acoustic shadowing was equal. In group 2, irregular shape (94.2%), spiculated margin (55.8%), hypoechogenicity (100%), nonparallel orientation (80.8%), and posterior acoustic shadowing (61.5%) were common US findings. Irregular shape, spiculated margins, angular margins, microlobulated margins, and nonparallel orientation were more common US findings in group 2 than the other group (respectively P = 0.001, P = 0.001, P = 0.003, P = 0.04, and P = 0.04). The rate of parallel orientation was higher in group 1 than the other group (P = 0.02). All of the MG and US findings are summarized in Table 5 . 
Magnetic resonance imaging findings
Twenty-four patients, 6 patients in group 1 and 18 patients in group 2, had MRI examinations. MRI findings were also evaluated according to the ACR BI-RADS lexicon. In Table  6 , the classification of MRI findings of all patients according to the BI-RADS lexicon is shown. Additionally, kinetic curve assessments (type 1 -persistent, type 2 -plateau, and type 3 -washout) were evaluated. There were irregular and round shapes (83.3%, 16.7%); spiculated margins (100%); heterogeneous, rim, and nonmass enhancements (50%, 33.3%, 50%); and multifocality (16.7%) observed in group 1. In group 2, irregular shape (66.6%), spiculated margin (55.5%), heterogeneous enhancement (72.2%), nonmass enhancement (33.3%), and multifocality (22.2%) were the MRI findings.
During kinetic analysis region of interest (ROI) measurements were detected at the middle of the lesion. The result from that point was taken. The ROI was placed over the tumor, trying to avoid normal areas. Sizes of the ROI varied between 10 and 100 mm 2 . The enhancement curves of the lesions in group 1 were type 2 (50%) and type 3 (50%). In group 3, type 1 curves were seen in 4 lesions (22.2%), type 2 curves in 8 lesions (44.4%), and type 3 curves in 6 lesions (33.3%).
Discussion
ICC was first described in detail as a rare type of ductal carcinoma of the breast by Page et al. in 1983 (4) . The rate of ICC in all BCa cases is between 0.3% and 6% (4,6,10). However, the literature about ICC is limited. There are some case reports and a few case series were published on pure ICC (4-8). The histological characteristic of ICC is a cribriform pattern in the majority of the invasive component. Page et al. described the terms of ICC that includes more than 50% invasive cribriform component in its content. They divided these tumors into 2 groups as classical and mixed forms (4). Some authors used pure ICC for tumors that did not include any other types of invasive carcinomas (6,9-13). Pure and classical ICC have good prognosis (5, 8, 9) . In our study, we divided all patients according to the contents of the tumors. In group 1, the tumors were pure ICC and tumors with >50% cribriform carcinoma component. Group 2 consisted of classical-mixed forms including less than 50% cribriform component. The number of patients in group 1 was less than that in group 2, which is compatible with the literature (4, 6, 8) . ICC usually includes low-grade tumors with good prognosis. Information about the radiology findings of these tumors is usually very scant. Additionally, acquired descriptions of them are still lacking in the published literature. Here we aimed to classify and provide radiology features of ICCs.
Although ICC did not have a bad prognosis (4,14-16), pure ICC has better prognosis when it is compared with mixed types. Pure forms of tumors and the tumors including >50% cribriform carcinoma component, which were classified into group 1, were associated with smaller tumor diameters and fewer lymph node metastases (4,17). Page et al. and Lim et al. reported that tumor diameters are smaller in cribriform tumors (4, 17) . Our findings were not compatible with their findings. In our study, mean diameter was calculated as 18.7 ± 8.3 mm, which is very similar to the mean diameter of the lesions in group 2 (18.7 ± 8.4 mm). We think that this inconsistency with the literature may be associated with low numbers of cribriform lesions.
Few case reports and case series described the radiological findings of ICCs (8, (17) (18) (19) . They used MG, US, MRI, and positron emission tomography findings (8, 17) . The two largest series describing radiologic findings in the literature included 27 and 10 ICC patients, respectively (18, 19) . In these series, radiological findings were reviewed subjectively by using the ACR BI-RADS lexicon (4th edition, 2003) of MG, US, and MRI examinations.
The findings and methodology of the present series were also compatible with them (18, 19) . However, those series were reported as congress proceedings and our study is therefore unique in the literature with evaluation by the recent BI-RADS lexicon classification (5th edition, 2013). The characteristics of all lesions were evaluated separately according to the MG, US, and MRI ACR BI-RADS lexicon. In MG ACR BI-RADS evaluation, as the cribriform content of the lesion increases, rates of irregular shape and spiculated contour decrease. These findings were significant among the groups. According to US ACR BI-RADS evaluation, parallel orientation was significantly high in group 1. Irregular shape, speculated margins, angular margins, microlobulated margins, and nonparallel orientation are bad prognosis criteria. Our results were supported by these radiological findings. Clinicians should keep in mind that although lesions have benign radiological characteristics, they may be diagnosed as cribriform tumors with good prognoses.
Although a statistically significant result was not reached, in the comparison of these two groups, the percentage of group 1 cases classified as BI-RADS 0 in MG was higher (16.6%) than the percentage of cases in the other group. In a study performed by Stutz et al., 8 patients were evaluated and this percentage was found as 50% (20). This finding is similar to our finding. In the present study, the majority of lesions had BI-RADS 5 US characterization even if we had limited numbers of patients. These findings were different from other studies in the literature (8) . The studies of Lee et al. (18) and Cho et al. (19) included large numbers of patients. However, in those studies only pure ICC was evaluated. We included classical and mixed ICC and thus our study is different from those studies. To our best knowledge, this is another point whereby the present study is unique with these characteristics in the literature. The MG and MRI ACR BI-RADS lexicon findings, which were also similar to the findings of group 2, were also compatible with the findings in the literature (18, 19) . Irregular shape, indistinct margin, and hypoechogenicity findings of the US ACR BI-RADS lexicon were similar to the literature (18, 19) . Longitudinally oriented lesions were more common in our study than in the series in the literature. In group 1 and group 2, US ACR BI-RADS findings were similar in terms of irregular shape and hypoechogenicity. Although US findings showed some differences from the literature, there were few differences in the numbers of the patients for each US feature.
Although a few cases showed benign characteristics, most BCa ICC appeared with typical features of malignancy. The radiology findings of ICC are not well known yet. In the literature, a few reports have described the radiologic findings of ICC of the breast (17) (18) (19) . Additionally, the MG, US, and MRI findings of ICC of the breast that were reported were highly suspicious for malignancy, and this type of carcinoma could be shown as a small mass with few suspicious radiologic findings (17) (18) (19) . At this point, we should emphasize that the uniqueness of our series included 3 different types of ICC with their radiologic findings. Nevertheless, more series with different radiologic examinations are needed for determining the accurate radiological findings of ICC.
We described the lesions according to MG, US, and MRI findings in terms of BI-RADS classifications. There was no statistical significance difference among the groups in the findings obtained from the MG and US BI-RADS classifications. Nevertheless, not all patients were evaluated by MRI, and thus we were not able to conduct any statistical analyses for MRI findings.
Our study was based on a retrospective design. In addition, there were small numbers of patients with pure On the other hand, the main goals of our unique study included detailed descriptions of different subtypes of ICC and their radiological findings in terms of MG and US. ICC is a part of BCa and the prognosis is good. Therefore, differential diagnosis comes to the forefront. Additional radiologic evaluations with large numbers of series may help in differential diagnosis, but there is still a need for multicenter and randomized studies on this issue.
A few cases showed benign characteristics, while most of the ICCs appeared with typical features of malignancy. ICC is a unique type of BCa and is associated with an excellent prognosis. Radiology findings of different types of ICCs have not been well described yet and they show similar radiology findings with other histologic types of invasive BCa. Radiologic features of ICC could be better understood and that would be helpful for radiologists in diagnosing this rare type of malignancy. There is a need for more multicenter randomized studies with larger numbers of patients on this issue.
